We study the biaxial structure of both line and point defects in a nematic liquid crystal confined within a capillary tube whose lateral boundary enforces homeotropic anchoring. According to Landau-de Gennes theory the local order in the material is described by a second-order tensor Q, which encompasses both uniaxial and biaxial states. Our study is both analytical and numerical. We show that the core of a line defect with topological charge M ϭ1 is uniaxial in the axial direction. At the lateral boundary, the uniaxial ordering along the radial direction is reached in two qualitatively different ways, depending on the sign of the order parameter on the axis. The point defects with charge M ϭϮ1 exhibit a uniaxial ring in the plane orthogonal to the cylinder axis. This ring is in turn surrounded by a torus on which the degree of biaxiality attains its maximum. The typical lengths that characterize the structure of these defects depend both on the cylinder radius and the biaxial correlation length. It seems that the core of the point defect does not depend on the far nematic director field in the bulk limit. ͓S1063-651X͑99͒07408-5͔
I. INTRODUCTION
Generally, in ordered media defects take different names in different contexts: so they are called dislocations, disclinations, singularities, or domain walls. The study of these defects is traditionally one of the most important fields of physics ͓1͔. This is due to their presence in connection with diverse physical phenomena, where their contribution is crucial and often exhibits a universal behavior. They appear as a consequence of the universal concept of broken symmetry, either associated with a phase transition, or due to the topological characteristics of the confining boundary ͓2͔. Defects in ordered media are singular regions exhibiting order parameter configurations that cannot be transformed into a homogeneous ground state via continuous transformations. In general, at a defect site some continuum field describing a defectless state of the system is not uniquely defined. The core of the singularity is indeed the region in space where a finer description of the states experienced by the system is needed to remedy such an apparent failure of the continuum theory: it mostly consists of a different phase with higher energy than the surrounding. The linear dimension of the core is roughly given by the correlation length of the relevant order parameter field employed to explore it.
In this respect, the majority of experiments were carried out in various liquid crystal phases ͓3͔. This is because of the rich variety of qualitatively different defects exhibited by these fluids: they are reminiscent of singularities in other condensed media ͓1,4,5͔ and physical fields, such as cosmology ͓6,7͔, which are often less accessible experimentally. On the other hand, it is relatively easy and inexpensive to prepare adequate liquid crystal samples. The morphology of a defect can be controlled by choosing a suitable liquid crystal phase, a confining geometry, and a surface anchoring condition. On the micron length scale defect structures can easily be observed optically, due to the optical anisotropy of these molecules. Another advantage with liquid crystals is that they reach equilibrium structures on experimentally accessible time scales.
The nematic phase, on which we focus in this contribution, exhibits in general both point and line defects that are conventionally classified through their topological charge M ͑also called the disclination index͒ ͓1,4͔. This is defined with respect to the surrounding nematic director field n, which is singular exactly at the defect: around the defect the director rotates by the angle 2M . For point defects the strength ͉M ͉ is an integer, while for line defects it can also be half an integer, by the head-tail invariance of the nematic director.
The excess free energy associated with defects is in most cases roughly proportional to M 2 ͓8͔. Consequently, defects with ͉M ͉Ͼ1 appear only rarely. Here, following the Landau-de Gennes theory, we employ a second-order tensor Q to describe the local molecular order: it encompasses within the same setting both uniaxial and biaxial states. A defect for n is generally not so for Q, and so Q is fit to explore the biaxial structure of the uniaxial defects.
There have been various studies devoted to the structure of both point and line defects in nematic liquid crystals; the following lists of references, though far from being exhaustive, witness the interest attracted, respectively, by these types of defects: ͓9-21͔, ͓2,10,21-23͔. Nevertheless, despite this endeavor, several issues remained open. Among them are the detailed analysis of the biaxial structure of defects and the effects of confinement on their characteristic features. These questions have been answered only in part in ͓9,16,18,19,21,22͔ . Here we further explore the effect of cylindrical confinement on the biaxial structures of both line and point defects in uniaxial nematic liquid crystals.
The plan of the paper is the following. In Sec. II we introduce the mathematical model employed throughout the paper. In Sec. III we illustrate our main results, which are then discussed in the last section.
II. MODEL

A. Free energy
The local ordering of a nematic liquid crystal can be described by a tensor order parameter ͓16,24͔:
where the orthogonal unit vectors e i are clearly the eigenvectors of Q, and s i are the corresponding eigenvalues, that is, Qe i ϭs i e i . By Eq. ͑1͒, the tensor Q is symmetric because Q T ϭQ; it is further required to be traceless:
Consequently, Q is in general defined by five independent parameters. Three of them determine the orientation of the eigenvectors, and the remaining two the eigenvalues.
In the uniaxial ordering two eigenvalues are equal, and so only three independent parameters are needed to describe a nematic configuration. Q can then be given the form Qϭs ͩ n nϪ
where the scalar s is the uniaxial order parameter, and the unit vector n is the nematic director pointing along the local optic axis. In Eq. ͑3͒ s can have either sign: when it is positive the ensemble of molecules represented by Q tends to be aligned along n, whereas when s is negative it tends to lie in the plane orthogonal to n.
In practice, various perturbations can make a confined liquid crystal exhibit weakly biaxial states, especially in the vicinity of a defect for n. Thus, the representation for Q in Eq. ͑3͒ is no longer valid throughout the region occupied by the material, and use has to be made of the complete representation in Eq. ͑1͒. In a real sample the state represented by Q changes from point to point, and so Q is to be regarded as a tensor field. Wherever Qϭ0, the nematic order is locally lost and the fluid becomes isotropic. A convenient quantity to measure the degree of biaxiality is the parameter ␤ 2 defined by ͓25͔
which ranges in the interval ͓0,1͔. In all uniaxial states ␤ 2 ϭ0, and a state with maximal biaxiality would correspond to ␤ 2 ϭ1. The free-energy density f of a nematic liquid crystal can be expressed as the sum of two terms:
They are, respectively, the elastic and the bulk free-energy densities. The former depends on the distortion in space of the tensor field Q; within a simplified model it can be given the form
where L is an elastic constant which does not depend on the temperature. This description corresponds to the approximation with equal Frank elastic constants for uniaxial nematics ͓26͔. The bulk free-energy density f b is a potential that promotes the uniaxial order in an undistorted nematic liquid crystal. It is conventionally described by an expansion in Q up to the fourth order ͓8͔:
Here A, B, C are positive material constants, T is the temperature, and T * is the nematic supercooling temperature. For TϾT * , the potential f b attains a local minimum at the isotropic phase, whereas for TϽT * this local minimum ceases to exist. The material constants in Eq. ͑6͒ are chosen so that the minimizer of f b is a uniaxial order tensor like that in Eq. ͑3͒. Within this model the isotropic-nematic phase transition in the bulk occurs at the temperature T IN ϭT * ϩB 2 /24AC. Moreover, the equilibrium value of the uniaxial scalar order parameter s eq in Eq. ͑3͒ also depends on the temperature:
Here we will only be concerned with strong anchoring conditions, and so we need not consider any contribution to the free energy from the boundary.
B. Lyuksyutov constraint
In most cases the I-N phase transition is weakly first order, so reflecting relatively small values of the material constant B. Deep in the nematic phase B is approximately an order of magnitude smaller than both A(T * ϪT) and C. Thus, for weak elastic distortions a good approximation for both f and f b is the following ͓27͔:
This function attains its minimum for a value of tr Q 2 that can alternatively be expressed in terms of the equilibrium value of s within this approximation:
In our model this is to be regarded as a constraint for Q. Thus, we assume that the orientational order of a liquid crystal responds to local distortions in a way that leaves tr Q 2 unchanged, even for strong distortions. Two facts concerning this constraint are worth noting. ͑i͒ Within this approximation the liquid crystal cannot melt locally and become isotropic, because Q cannot vanish. From a physical point of view, this scenario is plausible in the deep nematic phase, where melting becomes exceedingly costly.
͑ii͒ In Eq. ͑6͒ only the cubic term makes the uniaxial states preferred to the biaxial ones. Thus, we will keep this term in as a perturbation to the free-energy density on the states that minimize the leading terms in f b .
Henceforth we take the constraint in Eq. ͑7͒ as valid. Consequently, only one parameter is needed to determine all eigenvalues of Q.
C. Parametrization
We study a nematic liquid crystal confined within an infinite cylindrical cavity with radius R. The cylindrical coordinates are represented by ͕r,,z͖, and the corresponding unit vectors along the coordinate axes are e r , e , and e z . We confine attention to distortions where the eigenvectors of Q can be expressed as e 1 ϭcos e r ϩsin e z , e 2 ϭϪsin e r ϩcos e z , e 3 ϭe , ͑8͒
where is an angle ranging in the whole real axis. Thus, in going from a point within the cylinder to the next the eigenvectors of Q can only rotate around the e axis. This excludes, for example, any distortion twisted along the axis of the cylinder. It is easily checked that both constraints Eqs. ͑2͒ and ͑7͒ are identically satisfied when the eigenvalues of Q are given the following representation in terms of a single angle :
͑9͒
Moreover, the degree of biaxiality defined in Eq. ͑4͒ can be expressed as a function of :
which is periodic with period /3. For i͕1,2,3͖, the configurations with ϭ(iϪ1)2/3Ϫ correspond to uniaxial states with negative order parameter and nematic director along e i , while the configurations with ϭ(iϪ1)2/3 correspond to uniaxial states with opposite order parameter, but respectively the same director. It easily follows from Eq. ͑10͒ that these are the only zeros of ␤ 2 in ͓Ϫ,͔. The states with other values of reflect biaxial molecular distributions. The degree of biaxiality attains its maximum for ϭ( jϪ1)/6, j͕1, . . . ,6͖. The essential features of this representation for Q are illustrated in Fig. 1 .
Through Eqs. ͑8͒ and ͑9͒ we describe all biaxial structures admissible in our model by use of only two parameters, namely, and . The tensor Q delivered by Eq. ͑1͒ can then be regarded as a function of and , which, however, is not injective. There are indeed transformations in the parameters and that leave Q unchanged. Two of them are immediate consequences of the parametrization itself: they are embodied by the identities Q͑, ͒ϭQ͑ ,ϩ2k ͒, Q͑, ͒ϭQ͑ ϩk, ͒, valid for all relative integers k. Changing into ϩ2k or into ϩk does not affect Q, because its eigenvalues remain the same and its eigenvectors just get reversed. Besides these trivial transformations, there is another which is not so, that is,
͑11͒
This exchanges s 1 and s 2 , maps e 1 into e 2 , and e 2 into Ϫe 1 , while leaving both s 3 and e 3 unchanged: by Eq. ͑1͒, it has no effect on Q. The identity
will play a central role in the following. In particular, it ensures that both and can suffer a jump without causing any discontinuity in Q. We shall exploit this indeterminacy to represent a continuous field Q through discontinuous fields and , whenever this does not cause a divergence in the free-energy functional.
D. Scaling
In the strong anchoring limit the only relevant characteristic length entering the model is the biaxial correlation length ͑see Appendix͒ b ªͱ 2L 3Bs eq . ͑12͒
It can easily be expressed in terms of the uniaxial correlation length n ªͱL/A(T IN ϪT * ) at the I-N phase transition as
For later use, we measure the free energy F In terms of these definitions one obtains the following dimensionless expression for the excess free energy of the nematic liquid crystal stored in a cylinder with length h:
where
The corresponding Euler-Lagrange equations are
In these equations "␣ϭ(‫ץ/␣ץ‬r)e r ϩ(‫ץ/␣ץ‬z)e z and ٌ 2 ␣ ϭ‫ץ‬ 2 ␣/‫ץ‬r 2 ϩ(1/r)(‫ץ/␣ץ‬r)ϩ‫ץ‬ 2 ␣/‫ץ‬z 2 , for ␣ either or .
E. Boundary conditions
We assume that the lateral boundary of the cylinder enforces the strong homeotropic anchoring condition so that the nematic order is uniaxial along e r with positive order parameter:
Q͉ rϭ1 ϭQ rϩ ªs eqͩ e r e r Ϫ 1 3
This state can be described by the pair ͕,͖ϭ͕0,0͖, which by Eq. ͑11͒ is completely equivalent to the pair ͕/2,2/3͖.
It follows from Eq. ͑14͒ that for the integral to converge, only two pairs ͕,͖ are admissible on the cylinder axis, namely, ͕0,2/3͖ and ͕0,Ϫ/3͖. They correspond to the following tensors:
Q zϩ ªQ͑0,2/3͒ϭs eqͩ e z e z Ϫ 1 3
which represent uniaxial states with nematic director along e z and opposite scalar order parameters. Clearly, by Eq. ͑11͒ the same states are also represented by the pairs ͕/2,0͖ and ͕/2,͖, respectively. Besides Eq. ͑19͒, Q will also be subject to either Q͉ rϭ0 ϭQ zϩ or Q͉ rϭ0 ϭQ zϪ . The equilibrium nematic structures subject to these boundary conditions were obtained numerically from the above Euler-Lagrange equations by using the over-relaxation method ͓28͔.
III. RESULTS
A. Line defects
We first restrict attention to distortions where Q only varies with the r coordinate. With the terminology introduced in ͓29͔, possible minimizers for this one-dimensional problem are the escaped radial structure ͑ER͒ and two qualitatively different planar radial solutions ͑PR͒ with either positive or negative scalar order parameter at rϭ0 ͑respectively, denoted by PR ϩ and PR Ϫ ). In the genuinely uniaxial description, both PR structures would exhibit a line defect with strength 1 along the axis ͓1͔.
It is also expedient recalling the uniaxial ER structure ͓30͔ for the role it plays in our study of point defects. In this solution both boundary conditions Q zϩ and Q rϩ are met by simply rotating the eigenvectors of Q while r spans the interval ͓0,1͔. In our setting, it is represented by the pair of functions ͕ ER , ER ͖, where
The corresponding excess free energy is ⌬F ER ϭ8h in dimensionless units. On the contrary, in the PR solutions the eigenvectors remain fixed relative to the frame ͕e r , e , e z ͖, so that ϵ0
for both: the uniaxial states at rϭ0 and rϭ1 are connected through an exchange between the eigenvalues of Q ͓22͔; here this is described as a change in the angle , which starts from 0 at rϭ1 and reaches either 2/3 or Ϫ/3 at rϭ0, in the solutions PR ϩ and PR Ϫ , respectively. We denote by PRϩ and PRϪ the functions of r that describe these solutions: their graphs are shown in Fig. 2͑a͒ .
While PRϪ ranges in the interval ͓Ϫ/3,0͔, thus crossing no uniaxial state for all 0ϽrϽ1, PRϩ crosses at r ϭr un the uniaxial state with ϭ/3, which has negative order parameter and nematic director along e . Figure 2͑b͒ illustrates the degree of biaxiality of both solutions for R/ b ϳ10.
In the PR ϩ solution the nematic ordering attains the maximal biaxiality at r b1 and r b2 , where 0Ͻr b1 Ͻr un Ͻr b2 Ͻ1.
For the PR Ϫ solution, however, there is a single value of r with maximal biaxiality; this will be denoted by r b . The influence of the confinement on these parameters is shown in Fig. 3 . For Rӷ b they all come close to 2 b , yielding the size of the defect core in the bulk.
When R/ b ϭ0 there are analytic expressions for both PR solutions. Although this limit is unphysical the solutions exhibit the general features recalled above. In this limit and for ϭ0, the free energy in Eq. ͑14͒ reduces to
where ªϩ/3, and a prime denotes differentiation with respect to r. The corresponding Euler-Lagrange equation reads as ͑ rЈ͒Јϭ 2 sin 2 r . ͑24͒
After multiplying both sides of Eq. ͑24͒ by rЈ we arrive at a first integral in the form
where c is an integration constant. Inserting this expression for Ј into Eq. ͑23͒ and requiring ⌬F PR Ͻϱ , one obtains cϭ0. A further integration of Eq. ͑25͒, subject to the boundary conditions (1)ϭ2/3 or (1)ϭϪ/3, corresponding to the PR ϩ or the PR Ϫ solution, respectively, leads to
for which ⌬F PR ϩ ϭ8h and ⌬F PR Ϫ ϭ(8/3)h in dimensionless units. The excess free energies for the ER and the PR solutions are plotted in Fig. 4 as functions of R/ b . One sees that the PR ϩ solution is always the most energetic among them. There is a critical value of the ratio R/ b , close to 10.7, marking a transition ͓31͔ between the ER and the PR Ϫ solution: below this value the former stores more energy than the latter. It is known from ͓32͔ that this transition has indeed a more complex structure: when the ER solution loses stability, there is a range of values for R/ b where the least energetic solution is planar polar with line defects ͓33͔ ͑PPLD͒, that is, a solution with two biaxial escapes along the axis of the cylinder, resembling the uniaxial disclination with strength 1 2 . The PPLD solution breaks the symmetry presumed in our parametrization, and so it escapes our model, which instead captures the transition to the PR Ϫ solution, actually prevailing over the PPLD solution for R/ b sufficiently small. Henceforth we take R/ b ӷ10, so that the ER solution is the absolute minimizer of the free-energy functional.
To find out in which regime the Lyuksyutov constraint is acceptable, we compare the biaxial PR Ϫ solution to the uniaxial PR u solution, which requires melting at the cylinder axis. To determine the PR u solution, we set nϭe r and allow for spatial variations of s in Eq. ͑3͒: it is easily shown that in dimensionless units the free energy is then expressed by
͑27͒
The corresponding Euler-Lagrange equation is
͑ sϪ3s 2 ϩ2s 3 ͒ϭ0. ͑28͒ Figure 5 shows the excess free energy of both the PR Ϫ and the PR u solution as a function of the ratio ()
2 ͱ9Ϫ8/3ͱ3ϩͱ9Ϫ8 between the nematic biaxial and uniaxial correlation lengths ͑see Appendix͒. The ''deep nematic'' phase corresponds to the regime where ()ӷ1. Just below the I-N phase transition, for which (1)ϭ 1 3 , the isotropic solution is preferred. There exists a critical temperature below which the crossover to the PR Ϫ solution ͑obtained within the Lyuksyutov constraint͒ takes place. In reality, the value of tr Q 2 drops at the defect core of the PR Ϫ solution ͓17,18͔, so pushing the critical temperature towards higher values.
B. Point defects
Here we focus on the biaxial structure of point defects with strength ͉M ͉ϭ1 , where Q also depends on the z coordinate. The free energy of the ER solution is invariant under the transformation that reverses the sign of ER in Eq. ͑22͒. Thus, domains with opposite ER structures are equally likely to arise in an infinitely long cylinder. Wherever two such domains join together, a point defect with topological charge Ϯ1 appears on the cylinder axis ͓29,34͔. The resulting structure, which is often referred to as ERPD ͑escaped radial with point defects͒, is metastable and tends to relax towards the topologically equivalent ER structure. An ERPD structure is generally produced on cooling the liquid crystal from its isotropic phase. Each cross section through a defect exhibits a distortion resembling a PR solution, since has opposite signs on the two sides of the section, and so must vanish on it. Thus, this section plays the role of a domain wall. Only the PR ϩ solution can be accommodated in it, because, unlike the PR Ϫ solution, on the cylinder axis it matches both ER domains, which are uniaxial with positive order parameter. It is remarkable that the PR ϩ solution, which would never be energetically preferred in the absence of point defects, is indeed relevant to their biaxial structure.
In this study we restrict attention to a single defect of either sign: this effectively amounts to assuming that the distance between two adjacent defects is larger than 2R, so that their mutual attraction becomes negligible ͓34͔. Within our model the equilibrium biaxial structure of a defect is described by the functions ϭ(r,z) and ϭ(r,z): they are represented in Figs. 6, 7 together with the degree of bi- 
FIG. 6. The graphs of the functions ͑a͒ ϭ(r,z), ͑b͒ ϭ(r,z), and ͑c͒ ␤ 2 ϭ␤ 2 (r,z) for (R/ b ) 2 ϭ135, and different values of z: ͑i͒ zϭ0, ͑ii͒ zϭ⌬z, ͑iii͒ zϭ2⌬z, ͑iv͒ zϭ3⌬z, where ⌬z/Rϭ0.05. The center of the defect core is at (r,z)ϭ(0,0). The graphs for zϭ0 in both ͑a͒ and ͑b͒ reflect the transformation ͕,͖˜͕ϩ/2,2/3Ϫ͖ for rϽr un described in the text. axiality ␤ 2 . The plane at zϭ0 exhibits a structure similar to the one shown in Fig. 2͑a͒ , where the nematic state at rϭ0 is described by the pair ͕,͖ϭ͕0,2/3͖. On the other hand, just above this plane, but still at rϭ0, the ER structure prescribes the pair ͕/2,0͖, which by the transformation in Eq.
͑11͒ corresponds to the same state. This discontinuity would, however, cause a divergence in the free-energy functional, because it also involves . In our calculations we avoided such a divergence by expressing both the fields and and their gradients in the Euler-Lagrange equations through one and the same representation. We privileged the ''perspective'' of the ER solution, and so at zϭ0 we switched from the pair ͕,͖ for rуr un to the pair ͕ϩ/2,2/3Ϫ͖ for rϽr un , with r un the point where ϭ/3: as in ͓35͔, the discontinuity in at this point does not make the free-energy functional infinite. The value of at rϭr un remains arbitrary, reflecting the degeneracy of the eigenvalues of Q in the (r,z) plane.
The resulting structure is characterized by the following qualitative features: some are already evident from Figs. 6͑c͒, 7, which show the graph of the function ␤ 2 ϭ␤ 2 (r,z). The symmetry plane at zϭ0 exhibits a uniaxial ring with radius rϭr un surrounded by biaxial zones with maximal biaxiality at the rings rϭr b1 and rϭr b2 , as in the PR ϩ solution studied above: ␤ 2 (r b1 ,0)ϭ␤ 2 (r b2 ,0)ϭ1 with 0Ͻr b1 Ͻr un Ͻr b2 , though these values of r are different from those for the genuine PR ϩ solution. Just above ͑or below͒ zϭ0 the uniaxial ring disappears. Farther away from this plane, both radia r b1 and r b2 survive, but they vary with z: they approach each other, and eventually merge at zϭϮz b1 . For ͉z͉Ͼz b1 the function ␤ 2 never reaches 1, and it exhibits a single maximum at rϭr b (z), which monotonically decreases with z. The value of ␤ 2 "r b (z),z… drops to 1 2 at zϭϮz b2 . In other words, the uniaxial ring with negative order parameter lying in the symmetry plane is surrounded by a biaxial torus, where the degree of biaxiality attains its maximum. For R large enough ͑''saturated'' regime͒, the torus cross section is circular with radius r t Ϸ0.8 b , as shown in Fig. 8͑a͒ . In this regime r b1 Ϸ4.2 b , r un Ϸ5.0 b , r b2 Ϸ5.8 b , z b1 Ϸ0.8 b , z b2 Ϸ1.6 b . For smaller values of R the torus cross section becomes prolate along the z direction. The way the above characteristic lengths depend on the confinement resembles the one obtained for line defects. Some preliminary results are shown in Fig. 8͑b͒ . We plan to present a detailed study focused on the confining effect of the geometry on the biaxial torus elsewhere.
IV. CONCLUSIONS
The main topic of this contribution is the detailed biaxial structure of nematic line and point defects with strength ͉M ͉ϭ1 in a cylindrical cavity enforcing homeotropic anchoring. We mainly built on the work by Lavrentovich and co-workers ͓12,36͔, Penzenstadler and Trebin ͓9͔, Gartland and co-workers ͓17-19͔, and Rosso and Virga ͓16͔.
We limited attention to the nematic low temperature regime, where a uniaxial liquid crystal responds to distortions by entering biaxial states, rather than melting. We treated only structures with no twist deformation exhibiting cylindrical symmetry. Twisted structures might appear for relatively low values of the twist Frank elastic constant relative to the bend and splay constants ͓8͔.
Within this framework we obtained two qualitatively different line defect core structures, referred to as PR Ϫ and PR ϩ , that basically differ by the sign of the uniaxial order parameter s at the very defect core (sϽ0 in PR Ϫ , and s Ͼ0 in PR ϩ ). Our results confirm calculations of Sigillo et al. ͓23͔ based on a molecular approach. In the PR Ϫ structure the line defect is surrounded by a cylinder with radius r b exhibiting maximal degree of biaxiality. The PR ϩ structure, which is more energetic, can be characterized by three coaxial cylinders with radia r b1 Ͻr un Ͻr b2 displaying, in the order, maximal biaxiality (r b1 , r b2 ), and negative uniaxial ordering in the azimuthal direction (r un Ϫ4 J/m 2 for finite size effects to be observed. In addition, the radius must be small enough (RϽ4.4 b Ϸ45 nm) for a PR Ϫ core structure to correspond to the absolute minimizer. For typical liquid crystals these limits are rather hard to reach experimentally. It is also to be noted that in the limit for small values of R the validity of the Lyuksyutov constraint is questionable, as is the validity of the elastic approach. Thus, in this regime the results are more of an academic interest.
We explored in detail the biaxial structure of a point defect displaying cylindrical symmetry. Recent results ͓9,16,17͔ have shown that this structure is in most cases stable relative to the uniaxial solution. The center of the core is uniaxial along the symmetry axis, with positive order parameter; it is surrounded by a uniaxial ring with negative degree of order and radius r un . The azimuthal plane through the center of the defect has the PR ϩ structure typical of a line defect: this structure can thus be characterized by the radia r un , r b1 , and r b2 , which are, however, approximately twice as large as for the line defect. The ring with rϭr un is in the center of the torus displaying maximal biaxiality. In the saturated regime (RϾ10 b ) the torus cross section is circular with diameter 2r t ϭr b2 Ϫr b1 . For equal elastic nematic constants, we obtained r b1 Ϸ4.2 b , r un Ϸ5.0 b , r b2 Ϸ5.8 b . The position of the uniaxial ring is similar to the one retraceable in Gartland's pioneering simulations ͓37͔. Below the saturated regime the torus cross section takes a shape prolated in the direction of the cylinder axis.
Our preliminary results indicate that in the limit R/ b ϱ the core structure of point defects is exactly the same for both spherical and cylindrical confinements. This suggests that the core structure does not depend on the far director field, if the confining cavity is large enough compared to b . We will focus elsewhere on this universal feature ͓38͔.
